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The post-polio syndrome (PPS) occurs in clinically stable 
individuals decades after recovery trom an initial attack of 
paralytic poliomyelitis; it is characterized by new muscular 
weakness and atrophy and generalized fatigue. PPS is believed 
to occur when muscles originally affected by paralytic polio 
begin to lose their innervation and weaken as a result of the 
death of remaining anterior horn cell> of the spinal cord. 
Although it has been suggested that immune dysregulation or 
persistence of chronic polio infection plays a role, it is more 
likely that motor neuron attrition ib the result of metabolic 
dysfunction. Neurotrophic factors that enhance the stability 
and growth of motor neurons and their synaptic connections 
are being studied as a means to stall or reverse the progression 
of weakness and atrophy that occur> in PPS. 
[Infect Med 14(6):462,465,466,471 ,472,474-478, 1997] 
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The World Health Organiza- 
tion has set the year 2000 as 
the target date for the global 
eradication of polio. 1 Although use 
of the live vaccine in the Western 
Hemisphere continues to cause a 
handful of cases each year, the risk 
of contracting polio remains mainly 
through importation of the disease 
from areas of the world where it is 



endemic. Even in those areas, dra- 
matic declines have occurred over 
the past 5 years. Yet the debilitation 
associated with polio is felt anew by 
some clinically stable individuals 
decades after their initial episode of 
paralytic poliomyelitis, with the on- 
set of progressive muscular weak- 
ness known as the post-polio syn- 
drome (PPS). 
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Epidemiology of Polio 
The path to the successful eradica- 
tion of poliomyelitis was forged by 
the introduction of the inactivated 
polio vaccine of Salk in 1955 and the 
live attenuated oral polio vaccine of 
Sabin in 1961. 2 Since 1979, no case of 
paralytic poliomyelitis caused by 
the wild-type virus has been re- 
ported in the Western Hemisphere. 3 
Throughout the world, however, 
poliomyelitis continues to occur 
due to live poliovirus and other en- 
terovirus pathogens (coxsackie- 



See editorial on page 438 



virus types A and B, echoviruses, 
and enterovirus types 30 and 71), 4 
live vaccine, 5 infection of nonimmu- 
nized groups, 6 infection of inad- 
equately vaccinated populations, 7 
and intramuscular injections tem- 
porally related to poliovirus infec- 
tion or administration of the live 
polio vaccine. 8 

Development of PPS 
Shortly after the development of 
the acute febrile illness, a small 
percentage of individuals infected 
by the poliovirus will develop 
varying degrees of limb and bulbar 
continued on page 465 
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aralysis according to the extent of 
ijury and death of motor neurons, 
he motor neurons that survive the 
utial attack of the poliovirus go 
n to reirmervate originally dener- 
ated muscle fibers during a pe- 
iocl of recovery typically lasting 
lonths to years/ 1 and they main- 
\m effective neuromuscular con- 
ections with functional stability 
or many years. 9 Then, decades 
liter, some of these paralytic polio 
latients develop symptoms of PPS. 

Although cases of patients with 
'PS were initially described more 
han 100 years ago, only recently 

ave these new symptoms and 
igns been directly attributed to 
he paralytic disease. 1(M3 While in- 
action with the poliovirus leads to 
laralytic. poliomyelitis in only 
'.1% to 1% of patients/ 4 more than 
talf of individuals who do develop 
>aralytic poliomyelitis have been 
eported to have the new muscular 
veakness characteristic of PPS. 15 * 17 

Zlinical Characteristics of PPS 
>PS comprises a constellation of 
ymptoms, including new muscle 
veakness, atrophy, and fatigue; 
generalized fatigue; and muscle 
tnd joint pain. These symptoms 
levelop 10 to 40 years after the ini- 
ial attack of paralytic poliomyeli- 
is h-u8-22 (Table I), with the greatest 
ncidence occvirring 30 to 40 years 
iftcr l-\e initial infection. 

5 - zr use virologic confirmation of 
301: . infection was not available 
anhi :he 1950s, older individuals 
iescribing these symptoms should 
provide a history of a well-docu- 
nented, acute febrile illness during 
:hildhood or adolescence; prefer- 
ably, this febrile illness should be 
associated temporally with a polio 
epidemic and should have resulted 
n partial or complete paralysis of 
imb or bulbar musculature (ie, of 
:he lips, tongue, pharynx, and lar- 
ynx), followed by some degree of 
recovery of motor function, with 



functional stability lasting for at 
least 10 years. 23 The clinical presen- 
tation of residual muscle atrophy, 
weakness, and areflexia in at least 1 
limb with nomial sensation, accom- 
panied by histopathologic and elec- 
tromyographic findings of chronic 
denervation, support the diagnosis 
of previous paralytic poliomyelitis. 
Within this clinical setting, presen- 
tation of newly progressive weak- 
ness, atrophy, muscle or joint pain, 
and fatigue suggests the diagnosis 
of PPS. However, the clinician must 
exclude other known medical, 
neurologic, orthopedic, and psy- 
chiatric disorders that may help to 
explain the development of the 
patient's new symptoms, such as 
back injuries, radiculopathies, 
compression neuropathies, degen- 
erative arthritis, hyper- or hypo- 
thyroidism, fibromyalgia, anxiety, 
and depression. 

Post-Polio Muscular Atrophy 
Of all of the individuals diagnosed 
with poliomyelitis, only a small per- 
centage of patients actually develop 
new symptoms of slowly progres- 
sive muscle weakness and atrophy, 
with or without fatigue, after many 
years of functional stability. 15 * 18 ' 2 " 4 ' 25 
These symptoms are attributable to 
post-polio progressive muscular at- 
rophy (PPMA), the further deterio- 
ration of remaining motor neurons 
and their collateral neuromuscular 
connections. The new weakness is 
usually randomly distributed and 
asymmetric, and it may involve 
portions of 1 or more muscles of 
any limb. Although it appears that 
any muscle is ultimately vulner- 
able, including those without previ- 
ous clinical involvement, muscles 
previously affected by the original 
attack of polio, whether fully or par- 
tially recovered, are more likely to 
become involved than muscles that 
were clinically unaffected by the 
original infection. 26 As the remain- 
ing previously stable muscles be- 



Table t 

Clinical Features of 
Post-Polio Syndrome 

Neuromuscular 

PPMA (new weakness of 

appendicular, bulbar, or respiratory 
muscles; new muscular atrophy; 
myalgias; fasciculations) 

Muscle fatigue 

New respiratory difficulties 

Sleep apnea 

Musculoskeletal 

Joint pain 

Joint and skeletal deformities 
Decreased endurance 
General 

Generalized fatigue 
Intolerance to cold 
Increased sleep requirements 
Psychologic problems 

PPMA * post-polio muscular atrophy. 



come progressively weaken daily 
activities — which, for many years 
after recovery from acute paralytic 
poliomyelitis, may have been ac- 
complished by remarkable com- 
pensa tory improvisation — become 
increasingly more difficult to per- 
form. In some of these patients, in- 
trinsic muscle pain, cramps, and 
coarse fasciculations — indications of 
an ongoing neurogenic process — 
may either precede or be associated 
with the new muscle weakness. 19,25 - 27 
Dysphagia. In addition to involve- 
ment of appendicular muscles, new 
weakness of bulbar muscles may 
develop in patients with PPMA. 26 ^ 
Although only 10% to 20% of polio 
patients actually complain of re- 
sidual dysphagia, it appears that 
nearly all individuals with PPMA 
evaluated with videofluoroscopy 
demonstrate asymmetric weakness 
of pharyngeal or laryngeal muscles; 
impaired tongue movements; pool- 
ing in the valleculae or pyriiorm si- 
nuses; or, rarely, aspiration. 30 Pa- 
tients commonly complain of food 
or pills sticking in the throat, and 
intermittent choking on food. 
When present, symptoms of dys- 
phagia are progressive and more 
severe in patients who have had 
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previous clinical bulbar involve- 
ment, although subclinical dys- 
function may be detected in bulbar 
muscles clinically spared by the 
initial illness, 29 

Respiratoiy symptoms. Progressive 
respiratory insufficiency is seen in 
patients left with diminished respi- 
ratory reserve after the acute attack 
of polio. 31 - 32 In most cases, patients 
functioning with marginal respira- 
tory capacity (eg, those who be- 
come easily tired or short of breath 
on exertion), who may have been 
weaned successfully from ventila- 
tor use after recovery from the acute 
illness, ultimately develop progres- 
sive respiratory difficulties. 32 Respi- 
ratory insufficiency directly related 
to PPMA is usually caused by re- 
sidual diaphragmatic muscle weak- 
ness, or, more rarely, occurs as a re- 
sult of central hypoventilation from 
bulbar involvement of the reticular 
activating system (a network of 
neurons in the spinal cord, brain 
stem, and thalamus that controls 
many unconscious motor activities) 
and sleep regulatory centers. Sec- 
ondary causes also may contribute, 
including progressive scoliosis, pul- 
monary emphysema, cardiovascu- 
lar insufficiency, and inactivity 33 

Sleep apnea is often found in 
PPMA patients in association with 
other symptoms of respiratory 
compromise and residual bulbar 
dysfunction. 32 ' 34 ' 35 The central com- 
ponent of this common problem is 
dysfunction of the reticular forma- 
tion. Peripheral factors include 
progressive weakness of diaphrag- 
matic, intercostal, abdominal, and 
pharyngeal muscles; obesity; em- 
physema; and musculoskeletal de- 
formities. 

Fatigue. The majority of patients 
with PPS, and nearly all patients 
with PPMA, experience fatigue 
and diminished stamina. Patients 
may describe a generalized, over- 
powering feeling of tiredness and 
malaise unrelated to physical ac- 
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tivity, or may feel a more specific 
sensation of fatigue localized to 
muscles. In contrast to patients 
with multiple sclerosis (MS) or 
chronic fatigue syndrome (CFS), 
who frequently experience a gener- 
alized malaise throughout the day, 
PPS patients usually develop mid- 
day fatigue that is ameliorated by 
brief rest periods. Psychopatho- 
logic symptoms of anxiety, depres- 
sion, and stress are not cofactors in 
the development of fatigue in pa- 
tients with PPS. 36 

Many survivors of paralytic po- 
liomyelitis develop new muscu- 
loskeletal symptoms, 15 - 22 ' 37 ^ 0 includ- 
ing diminished functional aerobic 
capacity, decreased endurance, and 
weight gain; these symptoms are 
combined with degenerative arthri- 



Childhood surgical 
intervention — including tendon 
transfers, joint functions, and 
shortening of the long bones of 

the lower extremities — may 
unpredictably alter the natural 
biomechanics of joints during 
subsequent growth and recovery 
from paralysis. 



tis, scoliosis, and pain in joints that 
have been biomechanically disad- 
vantaged or deformed owing to 
long-standing asymmetry of size 
and strength of previously affected 
muscles. Although these new mus- 
culoskeletal deficits are often a 
prominent feature of PPS, there is 
no evidence that they represent 
neuromuscular sequelae of prior 
polio. Rather, these new symptoms 
are invariably the result of second- 
ary processes such as long-standing 
scoliosis, obesity, and childhood 
svirgical interventions. The latter — 
including tendon transfers, joint fu- 
sions, and shortening of the long 
bones of the lower extremities 40 in- 
tended to improve mobility and sta- 
bility after recovery from the acute 



paralytic illness — may unpredict- 
ably alter the natural biomechanics 
of joints during subsequent growth 
and recovery from paralysis, result- | 
ing in excessive wear and tear on | 
joints, ligaments, and tendons. New f 
musculoskeletal complaints in pa- | 
tients with prior paralytic poliomy- 
elitis, directly or indirectly at- % 
tributable to prior polio, should be 
considered as elements of PPS, al- 
though they are not neuromuscular 1 
in origin (Table I) . j 

Epidemiology of PPS 

There are more than 1.63 million \ 

survivors of paralytic poliomyeli- J 

tis. 23 Between 20% and 60% of these \ 

individuals may develop PPS, 15 ' 23,41 | 

but when individuals with muscu- | 
loskeletal symptoms are excluded, 

the percentage of paralytic polio- -;j 
myelitis patients who develop 

PPMA appears to be much low- \ 

er. 10 ' 42 Individuals more likely to J 

develop PPS include older pa-. J 

tients 15,43 who have tended to de- ijj 

velop more severe weakness dur- j 

ing the acute paralytic illness 34,41 :| 

and have experienced greater re- \ 

sidual deficits, 26 as well as those \ 

presenting after longer periods of \ 

stability. 43 The interval of clinical jj 

stability ranges from 8 to 71 years, 18 j 

with the highest incidence of PPS j 
occurring 30 to 40 years after the - \ 
acute polio attack. 18 ' 19,34 

The natural course of the symp- 
toms of fatigue and pain of PPS is I 
. difficult to assess because these 1 
complaints are not amenable to ob- .\ 
jective assessment. On the other i 
hand, the power of muscles weak- I 
ened by PPMA may be quantified, | 
and it appears to diminish at a j 
variable but slow rate of about 1% i 

t: 

per year, 25 although the patient * 

may experience periods of relative i 

stability lasting many. years. 42 ' 44,45 . »■ 

Slowly progressiv e loss of strength jj 

of the tongue and swallowing | 

muscles appears to occur more | 

consistently. 2 * 1 | 

continued on page 471 . ] 
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PaHtogenesis o/PPMA. The cause 
>f new anterior horn-cell degenera- 
ion and denervation in muscles of 
>aticnts with PPMA is unknown. 
!*he development of PPMA in 
'ounger patients cannot be cx- 
>lained by aging, which normally 
eads to gradual motor-neuronal 
oss only in individuals above the 
ige of 60, i!h More likely, after many 
''ears of stability, the chronically 
ncreased metabolic burden placed 
>n the neuron becomes too great to 
;ustain all of its synapses, leading 
o a slow attrition of sprouts and 
he ultimate death of the motor 
\euron. 18 ' 47 However, recent stud- 
es have raised the possibility that 
mmune dysregulation or persis- 
ence of chronic polio infection 
nay be responsible for new neuro- 
nuscular symptoms. 

During the initial paralytic attack 
>y the poliovirus, muscles are 
veakened to varying degrees, de- 
>ending on the extent of injury or 
leath of anterior horn cells of the 
pinal cord. 48 - 49 Whether muscles re- 
over partially or completely de- 
>ends on the ability of injured, heal- 
ng motor neurons and normal, 
maffected neurons to generate dis- 
al axonal sprouts to neighboring 
nuscle fibers that have lost their in- 
lervation. 50 " 52 

Neuronal findings. Electrophysio- 
ogic recordings demonstrate ab- 
\ormally large motor units of pro- 
onged duration, both in weakened 
aid clinically uninvolved muscles 
>f polio patients, as remaining mo- 
or neurons reinnervate up to 5 
irnes their normal complement of 
nuscle fibers. 26 - 50 " 54 During a pro- 
onged period of relative stability, 
tew axonal sprouting occurs in 
>reviously uninvolved or recov- 
:red neurons as other motor neu- 
ons that can no longer sustain the 
ncreased numbers of connections 
>egin to die. 32 Electrical studies of 
ndividual fibers innervated by a 
ingle motor axon in muscle of pa- 
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zi'it:-: yr - r^.t^u ci PPMA, resulting in presence of denervated atrophic muscle fibers in groups. 
AJm t;^: "<v ; Adzmner* nt Neurology; Amyotrophic Lateral Sclerosis (1991; p 506), Copyright © 
199. l;.'.-in*.*!i~kiiz\'!iHCitlthcare. 33 



tiontb with cither stable polio or 
PPMA demonstrate a high vari- 
abilis or impulse conduction (jit- 
ter), whi;h continues indefinitely. 51 ' 
53 * r ' Jitter is not seen in normally 
innervated motor units and sug- 
gests the presence of ongoing den- 
ervation Nerve ccLl adhesion mol- 
ecules (N-CAMs), expressed on the 
surface of muscle fibers only after 
they lost* innervation, are present 
in both stable and weakening post- 
poliomyeiitis muscles, 5236 provid- 
ing n histologic correlate of remod- 
eling oi the motor unit New muscle 
weakness and atrophy occur when 
the attrition of these neurons out- 
weighs the capacity of the remain- 
ing anterior horn cells to sprout 
and innervate newly denervated 
musclr fibers, which is reflected 
histologically by increasing num- 
bers of N-CAM-positive, dener- 
vated muscle fibers (Fig. 1). 

Immunologic findings. Immuno- 
logic abnormalities have been ob- 
served in a fraction of patients with 
PPMA, including mild inflamma- 
tion consisting of CDS* and CD4+ 
cells surrounding healthy muscle fi- 



bers that express MHC class I anti- 
gens on their surface; this inflam- 
mation is similar to that seen in 
immune-mediated myopathies/ 7 in- 
flammation in the parenchyma of 
gray matter of spinal cord, 5 *- 59 in- 
trathecal oligoclonal IgG bands, 24 
and activated T cells in peripheral 
blood. 60 It has been suggested that 
immunologic dysregulation may- 
play a role in the development of 
new symptoms of weakness and at- 
rophy due to motor neuron degen- 
eration, 24 - 34 - 56 although direct evi- 
dence for this theory is not yet 
forthcoming. 

Although poliovirus is lytic and 
produces a monophasic illness/ an 
intriguing proposed hypothesis 
postulates that defective poliovirus 
particles or mutant viruses, having 
escaped detection by the immune 
system by persisting indefinitely in 
motor neurons that did not lyse, are 
subsequently reactivated to cause 
the death of these cells. 566 162 This 
hypothesis has been supported by 
the presence of intrathecal poliovi- 
rus-specific IgM and IgG antibod- 
ies, and high IgM antibody titers to 
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Table II 
Differential Diagnoses 

Degenerative arthritis: Patients develop joint pain, without muscle atrophy or fasctculations; serum muscle enzymes are normal; 

electrodlagnostic and muscle biopsy studies do not demonstrate features of denervation. 
Fibromyalgia: Patients experience generalized muscle soreness, fatigue, and malaise in the absence of clinical evidence of muscle 

atrophy or fasclculations, elevation in serum muscle enzymes, and normal electrodlagnostic and muscle biopsy evaluations. 
Radiculopathy: Patients experience new signs of asymmetric muscle weakness, atrophy, and fasclculations. Associated symptoms of 

pain and paresthesias are not typically experienced by post-polio syndrome (PPS) patients. Neuro Imaging of cervical or lumbar spine 

excludes degenerative disc disease or spinal stenosis. 
Multiple sclerosis (MS) or chronic fatigue syndrome (CFS) as causes of fatigue: MS or CPS patients frequently experience malaise 

throughout the day; PPS patients usually develop midday fatigue ameliorated by brief periods of rest, MS Is accurately diagnosed by 

typical central nervous system MRI and cerebrospinal fluid studies. In contrast to patients with PPS, patients with electrodlagnostic 

evaluations are typically normal in patients with CFS. Psychqpathologic symptoms of anxiety, depression, and stress are not cofactors 

in the development of fatigue in patients with PPS, as they may be in patients with MS and CFS. 
Compression peripheral neuropathies: Impingement of peripheral nerves of upper or lower extremities, resulting from long-standing 

musculoskeletal deformities or other unrelated processes, leads to asymmetric muscle atrophy. Pain and paresthesias are usually 

associated symptoms- Electrodiagnostic testing differentiates these peripheral neurogenic processes from the motor neuron 

disjunction of PPS. 

Acquired primary myopathy (eg, inclusion-body myositis [IBM]): Like PPS, IBM advances slowly and asymmetrically, and there may 
be electromyographic abnormalities resulting from secondary distal axonal degeneration. PPS is excluded by muscle biopsy 
demonstrating typical Inflammatory and structural histopathologic features of IBM (eg, rimmed vacuoles, endomysiai inflammation, 
variable fiber size, and eosinophilic cytoplasmic Inclusions). 

Amyotrophic lateral sclerosis (ALS): ALS begins focally but progresses diffusely to Involve bulbar and respiratory muscles, nearly 
always producing hyperref lexia, spasticity, and plantar extensor responses. These upper motor neuronal signs are only rarely 
discovered in PPS. 

Progressive muscular atrophy (a variant of ALS): Consider whether there is a lack of upper motor neuronal involvement. 

Distinguished from PPS by rapid progression of atrophy. Occasionally, distinction may be made by muscle biopsy, which may reveal 

abnormally large fiber-type grouping in PPS. 
Multifocal motor neuropathy disease of peripheral nerves: Slowly progressive asymmetric weakness and atrophy develop without 

changes in sensation. PPS is excluded by presence of characteristic electrodlagnostic nerve conduction abnormalities and 

demonstration of high titers of antiganglioside antibodies in the blood. 



nosis of PPS is not difficult in an 
individual with a previously doc- 
umented history of paralytic polio- 
myelitis who subsequently develops 
new musculoskeletal symptoms, 
signs/ and weakness, and in whom 
other neurologic, orthopedic, and 
medical disorders have been ex- 
cluded — these include radiculo- 
pathies, compression neuropathies, 
myopathy, fibromyalgia, and ar- 
thritis (Table II). For patients in 
whom the diagnosis of paralytic po- 
liomyelitis is questionable, electro- 
diagnostic and histopathologic in- 
dications provide evidence of 
previous paralytic poliomyelitis. 

On occasion, however, other neu- 
romuscular processes must be con- 
sidered when a well-documented 
history of polio is not forthcoming 
or when the pace of neuromuscular 
deterioration is rapid. For example, 
amyotrophic lateral sclerosis (ALS), 
a relatively rapidly progressing fa- 
tal disease of the motor neurons, 
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may begin focally, but it pro- 
gresses diffusely to involve bulbar 
and respiratory muscles and nearly 
always produces hyperreflexia, 
spasticity, and plantar extensor re- 
sponses — upper motor neuronal 
signs that rarely are found in PPS. 18 
In the absence of upper motor neu- 
ronal involvement, the clinician 
should consider progressive mus- 
cular atrophy, a variant of ALS that 
may be distinguished from PPS 
only by the rapid progression of 
that disease. PPS may sometimes 
be confused with multifocal motor 
neuropathy, 73 ' 74 a disease of the 
peripheral nerves in which slowly 
progressive asymmetric weakness 
and atrophy develop without 
changes in sensation. However, the 
presence of characteristic electro- 
diagnostic nerve conduction ab- 
normalities 73 ' 74 and the demonstra- 
tion of high titers of antiganglioside 
antibodies in the blood 75 ' 7fi of these 
patients exclude PPS. 



On rare occasions, an individual 
diagnosed initially as having PPS 
actually may have been weakened 
by a long-standing acqtiired pri- 
mary myopathy such as inclusion- 
body myositis, 57 ' 77 which also ad- 
vances slowly in an asymmetric 
manner and which may display 
neurogenic electromyographic fea- 
tures because of secondary distal 
axonal degeneration. 7fl ' 7q A muscle 
biopsy demonstrating typical in- 
flammatory and structural his- 
topathologic features specific for 
inclusion-body myositis (eg, rim- 
med vacuoles, endomysiai inflam- 
mation, variable fiber size, and 
eosinophilic cytoplasmic inclu- 
sions) will confirm the diagnosis of 
this myopathy. 77 

Treatment 

Management of PPS addresses sev- 
eral aspects of the syndrome: mus- 
cular weakness, general fatigue, 
cardiovascular and respiratory 
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poliovirus in serum of a small num- 
ber of patients with PPMA, suggest- 
ing a new immune response against 
poliovirus. 63 " 65 Further, amplifica- 
tion of poliovirus RNA particles 
from spinal fluid by polymerase 
chain reaction has revealed incom- 
plete polio viral and other enterovi- 
ral sequences. 65 * 67 Although defec- 
tive poliovirus particles that may be 
harbored in remaining anterior 
horn cells during many years of sta- 
bility appear to become antigenic 
when ultimately released as these 
cells degenerate, there is no direct 
evidence for reactivation of virulent 
poliovirus in these patients. 

Pathogenesis of fatigue. The cause 
of fatigue in patients with PPS ap- 
pears to be multifactorial, involving 
both central and peripheral nervous 
system mechanisms. Reduced corti- 
cal drive to lower motor neurons*" 1 
may play a role in the development 
of early central fatigue in patients 
with PPMA. In the periphery, neu- 
romuscular fatigue has been attrib- 
uted to retraction of axonol sprouts 
resulting from dying anterior horn 
cells, as suggested by the presence 
of increased jitter during single- 
muscle-fiber electrical recordings, 
histologic changes of neuromuscu- 
lar synapses of affected muscles, 
and the transient amelioration of fa- 
tigue in PPMA patients treated with 
anticholinesterase inn i b i t ors . M - 7U 
However, no neuromuscular trans- 
mission defect in PPMA patients 
was confirmed in assessment of 
functional performance and energy 
utilization of muscles during low- 
intensity aerobic exercise; rather, it 
appears that neuromuscular fatigue 
lies at a point beyond muscle fiber 
membrane excitation. 71 Histologic 
abnormalities of oxidative energy 
metabolism have been shown in 
clinically affected or asymptomatic 
muscles of PPMA patients. In addi- 
tion, during graded aerobic exer- 
cise, patients with PPMA showed 
earlier development of fatigue in 
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clinically unaffected muscles, re- 
sulting from impaired oxidative 
metabolism; patients required a 
greater dependence on glycolytic 
energy pathways, as earlier devel- 
opment of intracellular metabolic 
acidosis rapidly depleted their en- 
ergy stores of phosphocreatine. 72 

Evaluation of Patients 
There are no laboratory param- 
eters that specifically confirm the 
presence of PPS, and as such, this 
diagnosis is based on clinical 
grounds after other medical, ortho- 
pedic, neurologic, and psychiatric 
diseases have been excluded 
(Table I). Evidence of progression 
of weakness may be derived from 
annual evaluations 25 of strength of 



There are no laboratory 
parameters that specifically 
confirm the presence of PPS. 



affected muscle groups. Quantita- 
tive isometric or dynamic studies 
of muscle strength are superior to 
Medical Research Council manual 
muscle testing in assessing changes 
in strength over time. Swallowing 
studies may provide evidence of 
progressive bulbar impairment. Se- 
na I evaluations of photographs 
may reveal changes in muscle girth, 
while muscle size may be studied 
sequentially with computer tomo- 
graphic or magnetic resonance im- 
aging techniques. 

Routine blood tests are usually 
normal, although muscle creatine 
kinase may be elevated to 1000 
IU/L in up to 10% of patients with 
PPMA. 24 - 66 Elevation in cerebrospi- 
nal fluid protein without pleocyto- 
sis maybe observed occasionally. 18 
A small percentage of individuals 
with PPMA demonstrate high IgM 
antibody titers to poliovirus in se- 
rum, 63 as well as elevations of IgM 
oligoclonal bands specific to polio- 
virus intrathecaily. 64 



Electrodiagnostic evaluations of 
muscle do not distinguish between 
residual paralytic poliomyelitis and 
new symptoms of weakness and at- 
rophy of PPS, but these tests may 
confirm previous paralytic polio- 
myelitis in an otherwise unsubstan- 
tiated case/ 2 ' 44 * 51 Muscles that were 
either clinically affected or asymp- 
tomatic during the acute phase of 
polio, and those experiencing new 
symptoms, may display evidence of 
abnormal spontaneous activity; this 
activity appears in the form of fibril- 
lations and positive waves, and ab- 
normally large motor units indica- 
tive of remodelling of remaining 
motor units. Both of these features 
are indistinguishable from those in 
patients with previous polio or 
other neurogenic processes. Simi- 
larly, findings of single-motor-unit, 
single-muscle-fiber, and repetitive- 
stimulation studies cannot distin- 
guish unequivocally between stable 
residual polio and PPMA. Never- 
theless, these studies do confirm the 
presence of acute and chronic den- 
ervation, and they may be useful to 
exclude compression neuropathies 
involving peripheral nerves of the 
upper and lower extremities, which 
result from long-standing muscu- 
loskeletal deformities or other unre- 
lated neurogenic processes. 

While histologic evaluations are 
not diagnostic of PPS, they may 
provide evidence of prior polio and 
support the presence of ongoing 
neuromuscular remodelling. Neu- 
rogenic and myopathic changes 
are found to varying degrees in 
biopsied muscles that were previ- 
ously weakened or unaffected dur- 
ing acute poliomyelitis, and are 
stable or are now developing new 
weakness. These changes include 
large fiber type grouping; groups 
of atrophic fibers; small, scattered 
angulated fibers; increased connec- 
tive tissue; variation of fiber size; 
and occasional necrotic fibers. w - 24 

Differential diagnosis. The diag- 

con tin tied on page 474 
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)blems, and joint pain. (See 
bie III for treatment summary, 
d box, "Resources for PPS Treat- 
:nt and Support/') 
Muscular weakness. Several stud- 
indicate that muscle weakness 
patients with PPMA may im- 
^ve significantly with strength 
inmg. HW * H2 This remains a central 
ue in neurorehabilitation 83 be- 
jse earlier uncontrolled studies 
ggested that excessive exercise 
patients with reduced innerva- 
.n could lead to further dam- 
e 64,85 Nevertheless, it was dem- 
strated recently that patients 
th PPMA who completed a 10- 
>ek nonfatiguing, progressive- 
sis tance, strength- training pro- 
am significantly increased their 
ength in both symptomatic and 
nically unaffected muscles — 
thout serologic or histologic 
idence of muscle damage. 80 
rength was maintained in nearly 
muscles up to 5 months after ces- 
tion of training. The additional 
nefits of decreasing total fat 
ass 86 while enhancing bone min- 
al density 87 with strength training 
ggest that a program of super- 
sed, nonfatiguing, progressive 
eight-training may be an effica- 
dus therapeutic modality in pa- 
ints with PPMA. . 
The swallowing difficulties en- 
mntered by patients with PPMA 
ay be alleviated by postural ad- 
stments, such as dropping the 
in or turning the head to one side 
minimize the deficit of a unilat- 
ally weakened pharynx. 30 These 
edifications. are best instituted by 
speech therapist with special 
dning in dysphagia . 
General fatigue. The generalized 
tigue experienced by most pa- 
ants with PPS is alleviated to a 
:eat extent with frequent periods 
: rest, lasting between 15 minutes 
id 2 hours, after which they are 
Die to resume their activities. 26 
linical studies using prednisone, 



Table 111 

Treatment of the Post-Polio Syndrome 

Post-polio progressive muscular atrophy (PPMA) 

• Progressive-resistance, strength-training program for 10 weeks. 

• For dysphagia: Speech therapists can help PPMA patients improve swallowing by 
teaching them posturai adjustments, such as dropping the chin or turning the head to 
one side, to compensate for a unilaterally weakened pharynx. 

• Pyridostigmine may be useful for neuromuscular fatigue. 
General fatigue 

• Frequent periods of rest lasting from 1 5 minutes to 2 hours. 

• Treatment with prednisone, amantadine, insulin-like growth factor-1, oralpha-2 
recombinant interferon has not resulted in consistent improvement of fatigue 
symptoms. 

Respiratory or cardiovascular problems 

• Aerobic exercise training can significantly enhance oxygen uptake and cardiovascular 
endurance. Walking on a treadmill, riding a stationary bicycle, and swimming or other 
pool exercises increase aerobic capacity. 

Muscle and joint pain and instability 

• Joint pain: analgesics, anti-inflammatory agents, and physical therapy. Gait training, 
changes in posture, weight reduction, and adjustments to orthotic devices 
(wheelchair, crutches, orthoses) also improve symptoms. Rarely, surgical repair of 
unstable joints may be required. 

• Aerobic activity also reduces total body fat and improves movement efficiency and 
activities of daily living. 



Resources for PPS Treatment and Support 

Post-Polio Syndrome Research Center, NYU Rehabilitation Center 
New York University Medical Centex 
400 E 34th Street, New York, NY 10016 
(212)263-7300 

Post-Polio Rehabilitation and Research Service 
Kessler Institute for Rehabilitation 
300 Market Street, Saddle Brook, NJ 07663-5309 
(201) 587-8500 

International Polio Network 

5100 Oakland Avenue,£?06, St. Louis, MO 63110 

(314) 534-0475 

Polio Survivors Association 

12720 La Reina Avenue, Downey, CA 90242 

(310) 862-4508 

National Center for Medical Rehabilitation Research 

National Institutes of Health 

Department of Health and Human Services 

Executive Plaza South, Room 450 West, 6120 Executive Boulevard 

Rockville,MD 20885 

(301) 402-2242 



amantadine, recombinant insulin- 
like growth factor-1, or alpha-2 re- 
combinant interferon have not 
demonstrated any consistent im- 
provement in levels of fatigue in 
patients with PPS, although in in- 



dividual cases some benefit may be 
obtained. 88 ' 89 Preliminary study in- 
dicates that a component of pe- 
ripheral neuromuscular fatigue in 
a small group of PPS patients may 
be ameliorated with anticholines- 
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Related Articles on..; 



Here are some of the most recent articles covering post-polio syndrome on 
Medscape (www.medscape.com): 

• Lutwick II, Chapnick EK: Bug of the Month: Weakness Upon Weakness 

• GDC: Paralytic Poliomyelitis in the United States 

• CDC: Poliomyelitis Prevention in the United States 

You can find these and related articles by clicking on the "search" tab on the 
Medscape home page. 

Medscape offers convenient, prcconfigured key word searching of the 
thousands of full-text articles on the site. From within an article, simply click on 
a key word to initiate a >earch. 

Free MEDLINE and AID5LIKE access is also available. 
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terases such as pyridostigmine.*' A 
clinical trial study m^; these agents 
in a large population nf PPS pa- 
tients with fatigue i> ongoing 

Cardiovascular cud respiratory? 
problems. Reduced cardiopulmo- 
nary function and capacity for oxy- 
gen by metabolically impaired 
muscles may lead to diminished 
endurance in patients with PPS. 1 ' 1 - 9 - 
All ambulatory patients with PPS 
should consider aerobic exercise 
training, which, in addition to sig- 
nificantly enhancing oxygen up- 
take and cardiovascular endur- 
ance, 33 ' 93 also reduces total body fat 
and improves movement effi- 
ciency and activities of daily liv- 
ing. 94 Aerobic capacity can be in- 
creased by walking on a treadmill, 
riding a stationary bicycle, or 
swimming and participating in 
other pool exercises. 

Joint problems. The management 
of the wide range of musculoskel- 
etal symptoms of PPS patients has 
depended on supportive care and 



symptomatic treatment. Joint pain 
is treated with analgesics, anti- 
inflammatory agents, and physical 
therapy. It is not uncommon to en- 
counter patients with new joint 
pain whose symptoms are im- 
proved significantly with gait train- 
ing, changes in posture, weight 
reduction, and adjustments to or- 
thotic xievices {wheelchair, crut- 
ches, orthoses) L)S Rarely, surgical re- 
construction may be necessary to 
repair unstable joints. 96 

New clinical trials. Although no 
treatment is yet available to re- 
verse the ongoing loss of anterior 
horn cells and their sprouts in pa- 
tients with PPMA, clinical trials 
iitilizing neurotrophic factors to 
stimulate nerve growth are under- 
way. For example, in a study of de- 
veloping rats, ciliary-derived neu- 
rotrophic factor was shown to 
attenuate the loss of motor neurons 
that occurs naturally during prena- 
tal development 97 and also spares 
facial motor neurons in a mouse 



model of progressive motor neu- 
ronopathy. 98 Insulin-like nerve 
growth factor (IGF-1), a peptide 
synthesized in muscle, liver, and 
kidney in response to pituitary 
growth hormone, has been shown 
to stimulate anterior horn cells, in 
vitro and in experimental animals, 
to generate new axonal sprouts 
and synapses to muscle fibers. 99 
Given that the primary problem in 
patients with PPMA is the progres- 
sive deterioration of remaining 
motor neurons, these proteins mstyl 
have the clinical potential to main- 
tain existing motor neurons and 
their connections. It is possible that 
such proteins could even stimulate 
the growth of new nerve terminals 
(sprouts) to form new synapses, in 
order to attenuate or reverse the 
progression of many of the debili- 
tating neuromuscular symptoms 
of patients with PPMA. 

Summary and Conclusions 
Of the estimated 1.63 million polio 
survivors in the US, half may de- 
velop PPS. 23 Onset of PPS and the 
characteristic muscular atrophy 
typically occurs 10 to 40 years after 
an initial attack of paralytic polio. 
Common symptoms include new 
muscular weakness, pain, and atro- 
phy; dysphagia; respiratory insuf- 
ficiency including sleep apnea; fa- 
tigue; and joint pain and arthritic 
changes. Exhaustion of remaining 
motor neurons and loss of innerva- 
tion of previously asymptomatic 
muscles appear to be the primary 
cause of PPS, but immune dys- 
regulation or persistence of chronic 
polio infection may be contribu- 
tory. Although PPS is managed 
primarily by supportive and 
symptomatic care, nonfatiguing 
strengthening exercise may result 
in short-term improvements, and 
studies are under way to deter- 
mine whether nerve-growth- 
stimulating factors may preserve 
existing motor neurons and their 
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onnections to muscle. Ih addition 
r> physical therapy, patients may 
enefit from psychological counsel- 
ig as they learn to cope with this 
isabling and belated aftermath of 
r\e\v acute poliomyelitis. □ 



Drugs Mentioned In This Article 

Amantadine Symmetrel 
Prednisone Generic 
Pyridostigmine Mestinon, 
Regonof 
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